A field experiment was carried out for two successive seasons (summer season 2017 and winter season 2017/2018) on sandy soil at Ismailia Agric. Res. Station, Ismailia Governorate, Egypt (Latitude, 30˚35' 41.901" N and longitude, 32˚16' 45.834" E) cultivated with sesame and wheat crops respectively, to highlight the effect of applying natural minerals and synthetic soil conditioners alone or in combined on some sandy soil properties and productivity of sesame and wheat crops. Three natural clay minerals (bentonite, vermiculite and zeolite) were added at the rate of 2 ton fed -1 . Alone or in combination with three synthetic soil conditioners; hydrogel (HG), polyvinyl alcohol (PVA) and anionic polyacrylamide (PAM) which were added at the rate of 6 Kg fed -1.
INTRODUCTION
Natural and synthesized soil conditioners improve some sandy soils properties and their productivity (Arafat and El-Hady 2002) .
In this concern, Sallam et al. (1995) concluded that mixing bentonite with sandy soil improved the soil moisture characteristics and cation exchange capacity. Tawfiq (2009) mentioned that bentonite is natural clay minerals with high cation exchange capacity (CEC) and ion adsorption capacity; applied natural soil conditioners such as bentonite improve the sandy soil fertility, growth, yield and chemical composition of plants.
At the same time, bentonite increased the nutrients content, the colloid content of soil and decreased leaching of nutrients (Sitthaphanit et al 2010) . Also, Iskander et al. (2011) showed that bentonite could raise the storage capacities of soil for water and fertilizer. Besides, bentonite reduced soil fixation for phosphorus and potassium and increase yield productivity of potato (Jena and Kabi, 2012) .
Vermiculites are present in soil fractions ranging from fine clay through coarse sand. Vermiculite has a very high cation exchange capacity and hence, other exchangeable cations may supply a ryegrass plant with macronutrients. Also, vermiculite has a very high water absorbing capacity than other minerals thus increasing available soil moisture, and this will affect positively dry matter production, (Seddik 2001) .
Zeolite is naturally clay mineral have high cation exchange and ion adsorption capacity (Mumpton, 1999) . Furthermore, Erdem et al. (2004) mentioned that zeolite hold high potential for the sorption of several cations. Moreover, Ramesh and Reddy (2011) mentioned that zeolites have high porosity, cation-exchange capacity (CEC) and incorporation zeolite in the soil led to increase in crop yields and enhance nutrient use efficiency.
Zeolite addition improves soil conditions in arid and semi-arid soil. Noori et al. (2007) reported that adding zeolite improves soil properties, suitable carriers for fertilizers and increases crop yield productivity. Also, Sheta et al. (2003) mentioned that zeolite and bentonite have a high potential for nutrient retention. Moreover, Bernardi et al. (2010) found that zeolite enriched with N, P and K with lettuce, tomato and rice, act as a slow-release nutrient source for plants and increased significantly fresh and dry weight of them.
Synthetic polymers play an important role in agricultural by enhancing plant growth especially for sandy soils, which have a low content of organic matter, low retention capacity of water and nutrients due to the excessive deep percolations losses, which consequently reduce the use efficiency of water and fertilizer ( Ekebafe et al .,2011) . A synthetic polymer such as a hydrogel, polyvinyl acetate, polyvinyl alcohol and polyacrylamide have been recommended to evaluate their impact on improving physical and chemical characteristic of soil and increasing crop yields productivity.
The hydrogels are improving plant-soil water relations in sandy soil, as compared to bentonit and farmyard manure (Moustafa et al., 1995) . Also, Buchholz and Graham (1997) reported that superabsorbent polymers are compounds that absorb water and swell to many times their original size and weight. They are lightly cross-linked networks of hydrophilic polymer chains . Wu et al. (2008) reported that hydrogels act as a controlled release system by enhancing the uptake of some nutrients, resulting in improved growth.. Moreover, Dabhi et al. (2013) mentioned that super absorbent polymers are safe, biodegradable, non-toxic and inert with increased self-life, super absorbent polymers could be improving irrigation efficiency. Nazarli et al. (2010) reported that the application of polymer has a beneficial effect on all characteristics of the plants in all levels of water stress treatments and suggests that it is reduced 15 to 50 % of total water irrigation requirement.
The presence of soil conditioners especially for polyvinyl alcohol (PVA) decreased the values of pH and increase EC.; high concentration of polyvinyl alcohol under 75 % from the irrigation requirements was superior for both peanut and sesame crops (Eletr and Osman, 2014) . Moreover, Galeş et al. (2016) found that applying the aquasorb hydrogel had a direct influence on increasing the bulk density, soil moisture, and soil water reserve and decrease the total porosity. Also, polyacrylamide is one of the most widely employed soil conditioners. Application of polyacrylamide to soils at a rate of 5 to 10 g kg-1 reduced water infiltration by 87 to 94% relative to control. Polymers have a good effect in improving the physico-chemical properties of soils (Lentz, 2007) .
The present work aims to investigate the effect of applying natural clay minerals and synthetic soil conditioners alone or in combined on some sandy soil properties and its productivity.
MATERIALS AND METHODS
A field experiment was carried out at Ismailia Agric. Res. Sta. ARC during summer season (2017) with sesame (Sesamum indicum L. var., Giza 32) and winter season (2017/2018) with wheat (Triticumaestivum L., CV. Giza 168) cultivated on sandy soil under drip irrigation system to evaluate physico-chemical behavior of natural clay mineral along with synthetic soil conditioners application alone or in combination on nutritional status and yield productivity of sesame and wheat crops. The soil under study was analyzed according to Cottenie et al., (1982) as shown in Table ( 1), natural minerals (Bentonite, vermiculite and zeolite) constituents were described in Table ( The experiment was designed in completely randomize design with three replications. Three natural clay minerals (bentonite, vermiculite and zeolite) were added at the rate of 2 ton fed-1 alone or in combination with three synthetic soil conditioners forms, hydrogel (HG), polyvinyl alcohol (PVA) and anionic polyacrylamide (PAM) which were added at the rate of 6 Kg fed-1. All treatments of soil conditioners were added to soil surface before cultivation alone or in combination with three synthetic soil conditioners forms. The formulation of the used soil conditioners were hydrogel, with pH near natural , PVA (C2H3O) n, with pH of 5.0-6.5 and PAM(C3H5NO) n with pH of 4-9.
All treatments received mineral fertilizers as ammonium sulphate (20.6 % N), super phosphate (15 % P2O5) and potassium sulphate (48% K2O) as recommended dose for sesame and wheat production.
At maturity, sesame and wheat were harvested to determine yield components (seeds or grains and straw) and nutrient status. Plant samples were oven-dried at 70 C° for 48 hours, up to constant dry weight, ground and digested using of sulfuric acid and hydrogen peroxide mixture as described by Page et al. (1982) . Soil chemical properties along with analyses for natural minerals were evaluated according to Cottenie et al. (1982) . Obtained results were subjected to statistical analysis according to Snedecor and Cochran (1982) , the treatments were compared by using the Least Significant Difference (L.S.D) at 0.05 level of probability.
RESULTS AND DISCUSSION
Effect of applying natural clay minerals and synthetic soil conditioners alone or in combination on some soil physical, chemical properties and its productivity.
A-physical properties:
Results presented in Fig. (1) indicated that natural clay minerals and synthetic soil conditioners amendments alone or in combination increased significantly field capacity (FC), wilting point (WP) , available water (AW) values and total porosity (TP) as compared to control treatment.
Concerning the effect of natural clay minerals (bentonite, vermiculite and zeolite) for both studied seasons, the application of natural minerals significantly increased Field capacity (FC), wilting point (WP), available water (AW) and total porosity (TP), values of the studied soil as compared to control. Bentonite, being superior as compared to other clay minerals. This may be due to its positive effect on water holding capacity. Treatments of natural minerals arranged as follows: bentonite> vermiculite > zeolite for both seasons. These results agree with those of Iskander et al. (2011) who found that bentonite could raise the storage capacities of soil for water and fertilizer. The same trend was found by Hassan and Mahmoud (2013) who revealed that the application of bentonite and zeolite increased Field capacity (FC), available water and total porosity (TP).
As for the effect of synthetic soil conditioners Hydrogel (HG), anionic polyacrylamide (PAM) and polyvinyl alcohol (PVA), data indicated that, for both seasons, the addition of synthetic soil conditioners significantly increased FC, WP, AW and TP values as compared to control. Treatments of synthetic soil conditioners arranged as follows: Hydrogel (HG) > polyacrylamide (PAM) > polyvinyl alcohol (PVA). Hydrogel application may stabilize the soil structure, increase the erosion resistance and the infiltration rate and may decrease the surface drain (Jihoon et al.,2015) .These results are similar to those of Gales et al. (2016) who showed that applying the Aquasorb hydrogel increased soil moisture and soil water reserve.
The interaction effect showed that values of (FC), (WP), (AW) and (TP) at the two studied seasons were most positively affected by application of natural minerals in presence of synthetic soil conditioners. The highest values of TP and soil moisture were obtained with the application of bentonite combined with hydrogel followed by bentonite combined with polyacrylamide and vermiculite combined with polyacrylamide. On the other hand, the lowest values were observed with zeolite combined with polyvinyl alcohol.
Fig. 1. Effect of applying natural clay minerals and synthetic soil conditioners alone or in combination on some soil physical properties for both tested crops. B-Chemical properties: 1-Soil reaction (pH)
Data presented in Table ( 3) indicate that the application of natural clay minerals and synthetic soil conditioners alone or in combination caused a positive response in soil pH values as compared to control in the soil after harvesting of both sesame and wheat crops under investigation.
As for the individual effect of natural minerals, the data presented indicated that, the values of soil reaction decreased slightly in presence of bentonite, followed by vermiculite and zeolite as compared to control and other natural minerals. Concerning the individual effect of the synthetic soil conditioners forms, the values of soil reaction decreased slightly in the presence of hydrogel followed by polyacrylamide and polyvinyl alcohol (PVA) as compared to control and other synthetic soil conditioners. These observations due to the use of synthetic soil conditioner, which is low pH as mentioned earlier in materials and methods. Such results agree with (Eletr and Osman, 2014) .
The interaction effect of natural clay minerals and synthetic soil amendments application on soil reaction (pH), the values of soil reaction decreased in presence of bentonite combined with synthetic soil conditioners especially for hydrogel as compared to other clay minerals combined with synthetic soil conditioners, followed by polyacrylamide combined with vermiculite or zeolite. These observations due to, the use of synthetic soil amendment, which is low pH as mentioned earlier in materials and methods.
2-Electric conductivity (EC):
Data in Table ( 3) show the changes of electric conductivity as affected by applied natural minerals and synthetic soil conditioners alone or in combination.
Generally, electric conductivity values increased in the presence of natural clay minerals as compared to control, this due to high cation exchange and ion adsorption capacity of bentonite and zeolite .Bentonite could raise the storage capacities of soil for water and fertilizer, reduced the velocity of the downward water movement and restricted the deep percolation and leaching out nutrients (Iskander et al. 2011) . Moreover, electric conductivity values increased in the presence of bentonite as a natural clay mineral followed by vermiculite and zeolite.
While for synthetic soil conditioners, EC values were slightly increased and the superior was the hydrogel followed by polyacrylamide and polyvinyl alcohol (PVA) as compared to control and other synthetic soil amendments, this trend was true in the soil for both seasons.
With respect to the interaction effect of natural minerals and synthetic soil conditioners application on electric conductivity, EC values were superior in presence of bentonite combined with synthetic soil conditioners especially HG, followed by polyacrylamide and polyvinyl alcohol , this may be due to high cation exchange and ion adsorption capacity of natural minerals (Iskander et al.2011) .
3-Available macronutrients in soil.
Data presented in Table ( 3) show the changes in soil nutrient availability (N, P and K) after sesame and wheat harvesting. Generally, all applied treatments increased significantly the soil nutrients availability (N, P and K) as compared to control treatments; this trend was noticed for both tested crops. Obtained data may be due to increased moisture retention that enhanced the nutritional supply (Hayat and Ali, 2004) , also soil conditioner amendments led to prevent loss of the evaporated water from the soil surface and increase of available water that enhance the availability of nutrient (Ali, 2011) .
Concerning to the effect of natural clay minerals, data presented indicated that, natural clay minerals amendments increased significantly the availability of N, P and K soil content, especially for bentonite followed by vermiculite and zeolite as compared with control treatment; this trend was true for both crops. Similar results were obtained by Iskander et al. (2011) who found that; bentonite could raise the storage capacities of soil for water and fertilizer and enhance the availability of the nutrients. Moreover, Barton and Karathanasis (2002) found that vermiculite has a substitution of Al 3 + for Si 4 + in every fourth tetrahedral site results in an excess of negative charge per formula unit. The negative charge is satisfied by monovalent cations, primarily K + , that reside on interlayer sites between the 2:1 layers ; the network can swell in water and hold a large amount of water while maintaining the physical dimension structure and enhance nutrients availability.
As well as, Ramesh and Reddy (2011) suggested that, adding zeolite increased N use efficiency by decreasing nitrification and NH3 losses. On the other hand ammonium (NH4 + ) occupying the internal channels of clinoptilolite; zeolite should be slowly set free, allowing the progressive absorption by the crop which results in a higher dry matter production of crops (Millan´ et al., 2008) While for the synthetic soil conditioners, the hydrogel was more pronounced for increasing the nutrient availability followed by polyacrylamide and polyvinyl alcohol (PVA) as compared with control and other synthetic soil amendments, this may be due to the application of synthetic soil amendments in sandy soil caused a slightly decrease in soil pH, improve the availability of nutrients (Eletr and Osman, 2014) .
With respect to the interaction effect of natural minerals and synthetic soil conditioners application, the availability of N, P and K in the soil increased significantly in presence of bentonite combined with synthetic soil conditioners especially HG followed by polyacrylamide combined with vermiculite or zeolite as compared with control and other treatments.
C-Yield components of sesame and wheat:
Concerning the effect of natural clay minerals along with synthetic soil conditioners on the yield of sesame and wheat, data presented in Fig. (2) . showed that the application of either natural clay minerals or synthetic soil conditioners whether applied solely or in combination increased significantly yield components as compared with control treatment.
Fig. 2. Effect of applying natural minerals and synthetic soil conditioners alone or in combination on yield
components of sesame and wheat crops (kg fed -1). With regard to the individual effect of natural minerals, results revealed that, yield components of sesame and wheat increased significantly along with the application of natural minerals especially for bentonite as compared to other clay minerals. This may be due to bentonite and zeolite act as carriers of chemical fertilizers and modifying the fertilizers to become long-acting ones, to cause the release of the available constituents of the fertilizers to be in balance with the crop needs and raised the use ratio of yield components (Gan 2005) . The same trend was found by Hinsinger (2001) who stated that bentonite and zeolite increased macronutrient and micronutrients in the soil, thus, encouraged plant growth.
Concerning the individual effect of the synthetic soil conditioners forms, yield components of sesame and wheat increased significantly with the presence of hydrogel followed by polyacrylamide and polyvinyl alcohol as compared with control. Such results agree with Orikiriza et al. (2013) who found that the hydrogel amendment improved the biomass production of tree seedlings before and after water stress.
With respect to the interaction effect revealed that bentonite combined with hydrogel obtained the highest values of sesame and wheat yield components as compared to other treatments. This may due to the application of inorganic materials, which may be attributed to better soil conditions, enhance the use efficiency of fertilizer by controlled the release of the applied nutrients and reduced nutrient losses (Sarwar et al., 2008) . In this respect, Ali, (2011) found that polymers, increase of available water that enhances the availability of nutrients and yield.
Moreover, results indicated that the lowest value of sesame and wheat yield components existed in zeolite combined with polyvinyl alcohol at both studied seasons. D-Total content of macronutrients for both sesame and wheat crops. Data in Table ( 4) show the response of total content (kg fed-1) of macronutrient for both sesame and wheat crops to the application of natural minerals along with synthetic soil conditioners. The total content of macronutrients (N, P and K) in straw, seeds and grains of sesame and wheat show that all treatments increased significantly the total content of macronutrients as compared with control treatment for both seasons. As for , the effect of natural minerals, results indicate that, the total content of N, P and K increased significantly in presence of bentonite followed by vermiculite and zeolite, this may be due to presence of bentonite could raise the storage capacities of soil for water and fertilizer (Iskander et al. , 2011) .Moreover, bentonite does not break down over time but remains in the soil to improve nutrient retention; act as a carriers of chemical fertilizers and modifying the fertilizers to become long-acting ones , to release of the available constituents of the fertilizers to be in balance with the crop needs, increasing nutrients in rhizosphere area which increase the absorption by plants, consequently increased the ability of plants roots to uptake more nutrients in plant tissues (Gan,2005) ; while vermiculite has very high cation exchange capacity and hence, other exchangeable cations many supply plant with macronutrients.
Also, vermiculite has very high water absorbing capacity than other minerals thus increasing available soil moisture, and this will affect positively with uptake and dry matter production, (Seddik 2001) . Also, presence of zeolites reduce NH3 volatilization, besides several organic forms of nitrogenous sources; reduce in nitrogen by volatilization and increased efficiency of N utilization and can enhance the nitrogen use through the control of retention of ammonium ion, contributing to increase N uptake (Ramesh et al., 2015) .
Concerning the synthetic soil conditioners, results indicate that the total content of N, P and K in straw, seeds and grains for both crops under investigation increased significantly in presence of HG followed by polyacrylamide and PVA as compared to the other synthetic soil conditioners due to enhance the use efficiency of fertilizer by controlling of the nutrients release and reduced nutrient losses (Sarwar et al., 2008) . Concerning the interaction of natural minerals and synthetic soil conditioners are depends on both the properties of soil and polymer and their ability to absorb and /or release water. Application of bentonite combined with HG was significantly superior either for straw, seeds or grains for both crops as compared with control and or bentonite combined with the other synthetic soil conditioners. Such results are confirmed by those of Iskander et al. (2011) who stated that bentonite could raise the storage capacities of soil for water and fertilizer; the hydrogels act as a slow release system makes the favoring uptake of some nutrient by holding them tightly and delaying their dissolution.
Moreover, the total content of N, P and K in straw, seeds and grains of sesame and wheat increased significantly in presence of polyacrylamide combined with vermiculite or zeolite as compared to other treatments this may be due to zeolites can hold great potential for the sorption of several metal cations enhance nutrient use efficiency, and gives high productivity to sandy soils (Ramesh and Reddy, 2011) .
CONCLUSION
From the obtained results, it could be concluded that addition of natural clay mineral along with synthetic soil conditioners alone or in combination had a significant positive effect on soil moisture characteristics (FC, WP and AW), availability of soil nutrients, nutritional status and yield productivity of sesame and wheat crops.
Also, application of bentonite combined with hydrogel followed by polyacrylamide and vermiculite combined with polyacrylamide had a significant positive effect on total porosity, soil moisture characteristics, EC values, soil nutrients availability and yield components of sesame and wheat.
